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The two-channel photoproductions of γp → K∗+Σ0 and γp → K∗0Σ+ are investigated based on an effective
Lagrangian approach at the tree-level Born approximation. In addition to the t-channel K , κ, K∗ exchanges, the
s-channel nucleon (N) and ∆ exchanges, the u-channel Λ, Σ, Σ∗ exchanges, and the generalized contact term,
we try to take into account the minimum number of baryon resonances in constructing the reaction amplitudes
to describe the experimental data. It is found that by including the ∆(1905)5/2+ resonance with its mass, width,
and helicity amplitudes taken from the Review of Particle Physics [Particle Data Group, C. Patrignani et al.,
Chin. Phys. C 40, 100001 (2016)], the calculated differential and total cross sections for these two reactions
are in good agreement with the experimental data. An analysis of the reaction mechanisms shows that the
cross sections of γp → K∗+Σ0 are dominated by the s-channel ∆(1905)5/2+ exchange at low energies and
t-channel K∗ exchange at high energies, with the s-channel ∆ exchange providing significant contributions in the
near-threshold region. For γp → K∗0Σ+, the angular dependences are dominated by the t-channel K exchange
at forward angles and the u-channel Σ∗ exchange at backward angles, with the s-channel ∆ and ∆(1905)5/2+
exchanges making considerable contributions at low energies. Predictions are given for the beam, target, and
recoil asymmetries for both reactions.
PACS numbers: 25.20.Lj, 13.60.Le, 14.20.Gk
I. INTRODUCTION
The study of nucleon resonances (N∗’s) has always been
of great interest in hadron physics, with one of the reasons
being that the structures, parameters, and microscopic produc-
tion mechanisms of N∗’s are essential for our understanding
of the nonperturbative behavior of quantum chromodynamics
(QCD), the theory for strong interactions. Currently, most of
our knowledge of N∗’s is coming from the piN scattering and
pi photoproduction reactions. Since K∗Σ has a much higher
threshold than piN , its photoproduction off nucleon is more
suitable to investigate the N∗’s in a less explored higher N∗
mass region.
Experimentally, the K∗Σ photoproduction process has been
investigated by several collaborations [1–5]. The most recent
data for γp → K∗+Σ0 have been reported by the CLASCollab-
oration at the Thomas Jefferson National Accelerator Facility
(JLab) in 2013 [5], where the first high-statistics differential
cross-section and total cross-section data were presented at
center-of-mass energies from threshold up to 2.8 GeV. For
the other reaction γp → K∗0Σ+, so far the differential cross-
section data are available from both the CLAS Collaboration
[2] and the CBELSA/TAPS Collaboration [3]. In this work,
since we are seeking for a combined analysis of the data for
both γp → K∗+Σ0 and γp → K∗0Σ+ reactions, we will con-
centrate on CLAS’s data to keep the consistency for the data.
Theoretically, several works have already been devoted to
the study of photoproductions of K∗+Σ0 and K∗0Σ+ off nu-
cleon, employing a chiral quark model [6] or an effective La-
grangian approach [7–9]. It is pointed out in Ref. [7] based
∗ Corresponding author. Email: huangfei@ucas.ac.cn
on a study of the K∗0Σ+ photoproduction that the t-channel κ-
meson exchangemay contribute significantly toK∗Σ photopro-
duction, rather different from the process γp → K∗+Λ where
the dominate t-channel contribution is found to be theK-meson
exchange [10, 11]. References [8, 9] provide so far the only
theoretical analysis of the first high-statistics differential and
total cross-section data for γp → K∗+Σ0 reported by the CLAS
Collaboration in 2013 [5]. Note that the theoretical results of
Ref. [8] and Ref. [9] are the same, but a comparison with the
data was only given in the latter reference. In Refs. [8, 9],
the resonances N(2080)3/2−, N(2090)1/2−, N(2190)7/2−,
N(2200)5/2−, ∆(2150)1/2−, ∆(2200)7/2−, and ∆(2390)7/2+
have been introduced in addition to the s-channel N and ∆ ex-
changes and t- and u-channel interactions to describe the data.
It is claimed that the resonance contributions gave only negli-
gible effects while the contributions of t-channel K exchange
and the s-channel∆ exchangeare crucial for both γp → K∗+Σ0
and γp → K∗0Σ+ reaction processes.
Although the theoretical results from Refs. [8, 9] are in
qualitative agreement with the CLAS data, there are still some
room for improvements in their results for the differential cross
sections for γp → K∗+Σ0. Figure 1 illustrates this issue; there,
a comparison of the differential cross sections from the theo-
retical calculation of Ref. [9] (blue dashed lines) with the most
recent CLAS data [5] (scattered symbols) at some selected
energies is shown. The numbers in parentheses denote the
photon laboratory incident energy, Eγ (left number), and the
total center-of-mass energy of the system, W (right number).
The black solid lines represent the results from our present
work, which will be discussed in detail in Sec. III. It is clearly
seen from Fig. 1 that there is still some room for improvement
in the differential cross-section results of Ref. [9].
In this work, we perform a two-channel combined analysis
of γp → K∗+Σ0 and γp → K∗0Σ+ reactions based on an ef-
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FIG. 1. Status of theoretical description of the differential cross sections for γp → K∗+Σ0 at selected energies. The numbers in parentheses
denote the photon laboratory incident energy (left number) and the total center-of-mass energy of the system (right number). The blue dashed
lines represent the results from Ref. [9], and the black solid lines denote our theoretical results. The scattered symbols are the most recent data
from CLAS Collaboration [5].
fective Lagrangian approach in the tree-level approximation.
We believe that an analysis of the CLAS data for K∗Σ photo-
production reactions independent of Refs. [8, 9] is necessary
and meaningful. Moreover, we expect that a better description
of the data for these two reactions will allow for a more reli-
able understanding of the reaction mechanisms and the asso-
ciated resonance contents and parameters. Unlike Refs. [8, 9]
where seven resonances, namely N(2080)3/2−, N(2090)1/2−,
N(2190)7/2−, N(2200)5/2−,∆(2150)1/2−,∆(2200)7/2−, and
∆(2390)7/2+, have been considered in addition to the N and ∆
exchanges, the strategy adopted in the present work in choos-
ing the nucleon resonances is that we introduce the nucleon
resonances as few as possible to reproduce the data. We find
that if we only consider the contributions from the t-channelK ,
κ, K∗ exchanges, the s-channel N , ∆ exchanges, the u-channel
Λ, Σ, Σ∗ exchanges, and the generalized contact current, the
fitting quality of the CLAS high-statistics differential and total
cross-section data for γp → K∗+Σ0 and γp → K∗0Σ+ will be
worse than that illustrated by the dashed lines of Fig. 1, which
in our opinion can not be treated as an acceptable description of
the data. We then introduce one resonance in constructing the
reaction amplitudes. We check one by one the near-threshold
four-star or three-star resonances advocated in the 2016 edition
of Review of Particle Physics (RPP) [12], with the resonance
mass, width, and helicity amplitudes being fixed to be the aver-
aged values reported in RPP [12]. It is found that the data can
be well described by including the ∆(1905)5/2+ resonance,
which is rated as a four-star resonance in the 2016 edition of
RPP [12]. An analysis of the reaction mechanisms shows that
the cross sections of γp → K∗+Σ0 are dominated by the s-
channel ∆(1905)5/2+ exchange at low energies and t-channel
K∗ exchange at high energies. The s-channel ∆ exchange also
provides significant contributions to this reaction in the near-
threshold region. For γp → K∗0Σ+, the angular dependences
are dominated by the t-channel K exchange at forward angles
and the u-channel Σ∗ exchange at backward angles, with the
s-channel∆ and ∆(1905)5/2+ exchangesmaking considerable
contributions at low energies. We also present our predic-
tions for the beam, target, and recoil asymmetries for these
two reactions for future experiments.
Introducing another three-star or four-star resonance instead
of ∆(1905)5/2+ in constructing the reaction amplitudes will
result in a much larger χ2 and obvious discrepancies in com-
parisonwith the data. We do not attempt to include the one-star
or two-star resonanceswhose masses, widths, and helicity am-
plitudes are not well determined in RPP [12] or introduce one
more resonance in constructing the reaction amplitudes, as
doing so will lead to much more adjustable parameters that
cannot be well constrained by the cross-section data alone,
which are so far the only data we have.
The present paper is organized as follows. In Sec. II, we
briefly introduce the framework of our theoretical model, in-
cluding the generalized contact current, the effective inter-
action Lagrangians, the resonance propagators and the phe-
nomenological form factors employed in the present work. In
Sec. III, we present our theoretical results, and a discussion of
the contributions of various individual terms in each reaction
is given as well. Furthermore, the spin observables includ-
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FIG. 2. Generic structure of the K∗ photoproduction amplitude for
γN → K∗Σ. Time proceeds from left to right.
ing the beam, target, and recoil asymmetries are also shown
and discussed in this section. Finally, a brief summary and
conclusions are given in Sec. IV.
II. FORMALISM
Following a full field theoretical approach of Refs. [13–16],
the full reaction amplitude for γN → K∗Σ can be expressed
as
Mνµ = M
νµ
s + M
νµ
t + M
νµ
u + M
νµ
int
, (1)
with ν and µ being the Lorentz indices of vector meson K∗
and photon γ, respectively. The first three terms M
νµ
s , M
νµ
t ,
and M
νµ
u stand for the s-, t-, and u-channel pole diagrams,
respectively, with s, t, and u being the Mandelstam variables
of the internally exchanged particles. They arise from the
photon attaching to the external particles in the underlying
ΣNK∗ interaction vertex. The last term, Mνµ
int
, stands for the
interaction current, which arises from the photon attaching to
the internal structure of the ΣNK∗ interaction vertex. All four
terms in Eq. (1) are diagrammatically depicted in Fig. 2.
In the presentwork, the following contributions, as shown in
Fig. 2, are considered in constructing the s-, t-, and u-channel
amplitudes: (i) N ,∆ and∆(1905)5/2+ exchanges in the s chan-
nel, (ii)K , κ, andK∗meson exchanges in the t channel, and (iii)
Λ, Σ, and Σ∗(1385) hyperon exchanges in the u channel. The
exchanges of other hyperon resonances with higher masses in
the u channel are tested to have tiny contributions and thus
are omitted in the present work in order to reduce the model
parameters. Using an effective Lagrangian approach, one can,
in principle, obtain explicit expressions for these amplitudes.
However, the exact calculation of the interaction current M
νµ
int
is impractical, as it obeys a highly non-linear equation and
contains diagrams with very complicated interaction dynam-
ics. Furthermore, the introduction of phenomenological form
factors makes it impossible to calculate the interaction current
exactly even in principle. Following Refs. [13–16], we model
the interaction current by a generalized contact current, that
accounts effectively for the interaction current arising from the
unknown parts of the underlying microscopic model,
M
νµ
int
= Γ
ν
ΣNK∗(q)Cµ + MνµKR ft . (2)
Here ν and µ are Lorentz indices for K∗ and γ, respectively;
Γ
ν
ΣNK∗(q) is the vertex function of ΣNK∗ coupling given by
the Lagrangian of Eq. (20),
Γ
ν
ΣNK∗(q) = −igΣNK∗
[
γν − i κΣNK∗
2MN
σναqα
]
, (3)
with q being the four-momentum of the outgoing K∗ meson;
M
νµ
KR
is the Kroll-Ruderman term given by the Lagrangian of
Eq. (32),
M
νµ
KR
= gΣNK∗
κΣNK∗
2MN
σνµQK∗, (4)
withQK∗ being the electric charge of K
∗; ft is the phenomeno-
logical form factor attached to the amplitude of t-channel K∗
exchange,which is given in Eq. (38);Cµ is an auxiliary current,
which is non-singular, introduced to ensure that the full photo-
production amplitude of Eq. (1) satisfies the generalized WTI
and thus is fully gauge invariant. Following Refs. [14, 15], we
choose Cµ for γp → K∗+Σ0 as
Cµ = −QK∗ ft − Fˆ
t − q2 (2q − k)
µ − QN fs − Fˆ
s − p2 (2p + k)
µ, (5)
with
Fˆ = 1 − hˆ (1 − fs) (1 − ft ) , (6)
and for γp → K∗0Σ+ as
Cµ = −QΣ
fµ − Fˆ
u − p′2 (2p
′ − k)µ −QN fs − Fˆ
s − p2 (2p + k)
µ, (7)
with
Fˆ = 1 − hˆ (1 − fu) (1 − fs) . (8)
Here p, p′, q, and k are four-momenta for incoming N , out-
going Σ, outgoing K∗, and incoming photon, respectively;
QN(K∗,Σ) is the electric charge of N (K∗, Σ); fs is the phe-
nomenological form factor for s-channel N exchange, ft for
t-channel K∗ exchange, and fu for u-channel Σ exchange, re-
spectively. hˆ is an arbitrary function, except that it should
go to unity in the high-energy limit to prevent the “violation
of scaling behavior” [17]. For the sake of simplicity, in the
present work it is taken to be hˆ = 1.
In the rest of this section, we present the effective La-
grangians, the resonance propagators, and the phenomeno-
logical form factors employed in the present work.
A. Effective Lagrangians
The effective interaction Lagrangians used in the present
work for the production amplitudes are given below. For fur-
ther convenience, we define the operators
Γ
(+)
= γ5 and Γ
(−)
= 1, (9)
4and the field-strength tensors
K∗µν = ∂µK∗ν − ∂νK∗µ, (10)
Fµν = ∂µAν − ∂νAµ, (11)
with K∗µ and Aµ denoting the K∗ vector-meson field and elec-
tromagnetic field, respectively.
The electromagnetic interaction Lagrangians required to
calculate the non-resonant Feynman diagrams are
LNNγ = − eN¯
[(
eˆγµ − κˆN
2MN
σµν∂ν
)
Aµ
]
N, (12)
LγK∗K∗ = − e
(
K∗ν × K∗µν
)
3
Aµ, (13)
LγκK∗ = e
gγκK∗
2MK∗
FµνK∗µνκ, (14)
LγKK∗ = e
gγKK∗
MK
εαµλν
(
∂αAµ
) (∂λK)K∗ν, (15)
LΣΣγ = − eΣ¯
[(
eˆγµ − κˆΣ
2MN
σµν∂ν
)
Aµ
]
Σ, (16)
LΣΛγ = e κΣΛ
2MN
Λ¯σµν
(
∂νAµ
)
Σ
0
+ H. c., (17)
LΣ∗Σγ = ie
g
(1)
Σ∗Σγ
2MN
Σ¯γνγ5F
µν
Σ
∗
µ
− e
g
(2)
Σ∗Σγ
(2MN )2
(
∂νΣ¯
)
γ5F
µν
Σ
∗
µ + H. c., (18)
L∆Nγ = −ie
g
(1)
∆Nγ
2MN
∆¯µγνγ5F
µνN
+ e
g
(2)
∆Nγ
(2MN )2
(
∆¯µ
)
γ5F
µν∂νN + H. c., (19)
where e is the elementary charge unit and eˆ stands for the
charge operator; κˆN = κp (1 + τ3) /2 + κn (1 − τ3) /2, with the
anomalous magnetic moments κp = 1.793 and κn = −1.913;
κˆΣ = κΣ+ (1 + eˆ) /2 + κΣ− (1 − eˆ) /2 with the anomalous mag-
netic moment κΣ+ = 1.458 and κΣ− = −0.16; κΣΛ = −1.61 is
the anomalousmagneticmoment forΣ0 → Λγ transition; MN ,
MK , and MK∗ stand for the masses of N , K , and K
∗, respec-
tively; εαµλν is the totally antisymmetric Levi-Civita tensor
with ε0123 = 1. The coupling constants gγκ±K∗± = 0.214 and
gγκ0K∗0 = −2gγκ±K∗± are taken fromRefs. [11, 18], determined
by a vector-meson dominance model proposed by Black et al.
[19]. The value of the electromagnetic coupling gγKK∗ is de-
termined by fitting the radiative decay width of K∗ → Kγ
given by the RPP [12], which leads to gγK±K∗± = 0.413 and
gγK0K∗0 = −0.631 with the sign inferred from gγpiρ [20] via
the flavor SU(3) symmetry considerations in conjunction with
the vector-meson dominance assumption. The coupling con-
stants g
(1)
Σ∗+Σ+γ and g
(2)
Σ∗+Σ+γ get one constraint from the RPP
value of the partial decay width ΓΣ∗+→Σ+γ = 0.252 MeV [12],
therefore only one of them is free. In the present work we
treat g
(2)
Σ∗+Σ+γ/g
(1)
Σ∗+Σ+γ as a fitting parameter. The couplings
g
(1)
Σ∗0Σ0γ
and g
(2)
Σ∗0Σ0γ
are both treated as fitting parameters, as we
do not have any decay information for Σ∗0 → Σ0γ from RPP
[12]. The ∆Nγ couplings are determined by the RPP values
of ∆→ Nγ helicity amplitudes, which leads to g(1)
∆Nγ
= −4.18
and g
(2)
∆Nγ
= 4.327.
The effective Lagrangians formeson-baryon interactions are
LΣNK∗ = − gΣNK∗ Σ¯
[ (
γµ − κΣNK∗
2MN
σµν∂ν
)
K∗µ
]
N + H. c.,
(20)
LΛNK∗ = − gΛNK∗Λ¯
[ (
γµ − κΛNK∗
2MN
σµν∂ν
)
K∗µ
]
N + H. c.,
(21)
LΣNκ = − gΣNκ Σ¯κN + H. c., (22)
LΣNK = − gΣNK Σ¯Γ(+)
[ (
iλ +
1 − λ
2MN
∂/
)
K
]
N + H. c., (23)
LΣ∗NK∗ = − i
g
(1)
Σ∗NK∗
2MN
Σ¯
∗
µγνγ5K
∗µνN
+
g
(2)
Σ∗NK∗
(2MN )2
Σ¯
∗
µγ5K
∗µν∂νN
− g
(3)
Σ∗NK∗
(2MN )2
Σ¯
∗
µγ5 (∂νK∗µν)N + H. c.. (24)
L∆ΣK∗ = + i
g
(1)
∆ΣK∗
2MN
Σ¯γνγ5K
∗µν
∆µ
− g
(2)
∆ΣK∗
(2MN )2
∂νΣ¯γ5K
∗µν
∆µ
+
g
(3)
∆ΣK∗
(2MN )2
Σ¯γ5 (∂νK∗µν)∆µ + H. c., (25)
where the parameter λ was introduced in LΣNK to interpolate
between the pseudovector (λ = 0) and the pseudoscalar (λ = 1)
couplings. Following our previous work on γp → K∗+Λ
where λ = 1 is chosen for LΛNK [10], we choose λ = 1 for
LΣNK based on the SU(3) flavor symmetry. The coupling
constants gΣNK , gΛNK∗ , κΛNK∗ and g
(1)
Σ∗NK∗ are fixed by the
flavor SU(3) symmetry [21, 22],
gΣNK =
1
5
gNNpi = 2.692, (26)
gΛNK∗ = − 1
2
√
3
gNNω −
√
3
2
gNNρ = −6.21, (27)
κΛNK∗ =
fΛNK∗
gΛNK∗
= −
√
3
2
fNNρ
gΛNK∗
= 2.76, (28)
g
(1)
Σ∗NK∗ = −
1√
6
g∆Nρ = 15.96, (29)
5where the empirical values gNNpi = 13.46, gNNρ = 3.25,
gNNω = 11.76, κNNρ = fNNρ/gNNρ = 6.1, and g∆Nρ =
−39.1 from Refs. [15, 21] are quoted. As the g(2) and g(3)
terms in the ∆Nρ interactions have never been seriously stud-
ied in literature, the corresponding couplings for the Σ∗NK∗
interactions, i.e., g
(2)
Σ∗NK∗ and g
(3)
Σ∗NK∗ , cannot be determined
via flavor SU(3) symmetry, and we ignore these two terms
in the present work, following Refs. [10, 11, 18]. The ∆ΣK∗
couplings are found to be sensitive to the fitting quality of
the cross-section results, we thus leave the coupling g
(1)
∆ΣK∗ as
a fit parameter but ignore the g
(2)
∆ΣK∗ and g
(3)
∆ΣK∗ terms. Fol-
lowing Refs. [8, 9], the coupling constants gΣNK∗ = −2.46,
κΣNK∗ = −0.47, gΣNκ = −5.32 are taken from Nijmegen
model (NSC97a) [23], determined by a fit to the ΛN − ΣN
scattering data.
The resonance ∆(1905)5/2+ electromagnetic and hadronic
coupling Lagrangians are
L5/2+
RNγ
= e
g
(1)
RNγ
(2MN )2
R¯µαγν (∂αFµν) N
+ ie
g
(2)
RNγ
(2MN )3
R¯µα (∂αFµν) ∂νN + H. c., (30)
L5/2+
RΣK∗ =
g
(1)
RΣK∗
(2MN )2
R¯µαγν (∂αK∗µν) Σ
+ i
g
(2)
RΣK∗
(2MN )3
R¯µα
(
∂αK∗µν
)
∂νΣ
− i g
(3)
RΣK∗
(2MN )3
R¯µα
(
∂α∂νK
∗µν )
Σ + H. c., (31)
where R designates the∆(1905)5/2+ resonance, and the super-
scripts of LRNγ and LRΣK∗ denote the spin and parity of the
resonance R. The electromagnetic couplings for ∆(1905)5/2+
are fixed by use of the RPP values of helicity amplitudes for
∆(1905)5/2+→ Nγ [12], while the hadronic couplings g(i)
RΣK∗(i = 1, 2, 3) are treated as fit parameters.
The effective Lagrangian for the Kroll-Ruderman term of
γN → ΣK∗ reads
LγNΣK∗ = − igΣNK∗ κΣNK
∗
2MN
Σ¯σµνAνQˆK∗K
∗
µN + H. c., (32)
with QˆK∗ being the electric charge operator of the outgoing
K∗ meson. This interaction Lagrangian is obtained by the
minimal gauge substitution ∂µ → Dµ ≡ ∂µ − iQˆK∗ Aµ in the
ΣNK∗ interaction Lagrangian of Eq. (20).
B. Resonance propagators
Apart from N , we have ∆ and ∆(1905)5/2+ resonances in
s channel. Following Refs. [24–26], the prescriptions of the
propagators for resonances with spin-3/2, and -5/2 are
S3/2(p) =
i
p/ − MR + iΓ/2
(
g˜µν +
1
3
γ˜µγ˜ν
)
, (33)
S5/2(p) =
i
p/ − MR + iΓ/2
[
1
2
(
g˜µαg˜νβ + g˜µβ g˜να
)
− 1
5
g˜µν g˜αβ +
1
10
(
g˜µα γ˜ν γ˜β + g˜µβ γ˜ν γ˜α
+ g˜να γ˜µ γ˜β + g˜νβ γ˜µγ˜α
) ]
, (34)
where
g˜µν = − gµν +
pµpν
M2
R
, (35)
γ˜µ = γ
ν
g˜νµ = −γµ +
pµp/
M2
R
. (36)
C. Form factors
Each hadronic vertex obtained from the Lagrangians given
in Sec. II A is accompanied with a phenomenological form
factor to parametrize the structure of the hadrons and to nor-
malize the behavior of the production amplitude. Following
Refs. [10, 11, 18], for intermediate baryon exchange we take
the form factor as
fB(p2) =
(
Λ
4
B
Λ
4
B
+
(
p2 − M2
B
)2
)n
, (37)
where p denotes the four-momentum of the intermediate
baryon, the exponent n is taken to be 2 for all baryon ex-
changes, and MB is the mass for exchanged baryon B. The
cutoff ΛB is treated as a fitting parameter for each exchanged
baryon, except for the s channel, where a common cutoff Λs
is introduced for all N , ∆, and ∆(1905)5/2+ exchanges. For
intermediate meson exchange, we take the form factor as
fM (q2) =
(
Λ
2
M
− M2
M
Λ
2
M
− q2
)m
, (38)
where q represents the four-momentum of the intermediate
meson, the exponent m is taken to be 2 for all meson ex-
changes, and MM and ΛM designate the mass and cutoff mass
of exchangedmeson M. We choose Mκ = 800MeV, and for K
and K∗ exchanges, the experimental values are used for their
masses. As the results are tested to be not sensitive to the κ
exchange, we use the same cutoff ΛK,κ for κ and K exchanges.
Note that the gauge-invariance feature of our photoproduc-
tion amplitude is independent of the specific form of the form
factors, which is different from Refs. [8, 9] where a common
form factor is introduced in the reaction amplitudes in order to
preserve gauge invariance.
6III. RESULTS AND DISCUSSION
As mentioned in Sec. I, the CLAS high-statistics differen-
tial and total cross-section data for γp → K∗+Σ0 [5] have so
far only been analyzed by the work of Refs. [8, 9], where
the resonances N(2080)3/2−, N(2090)1/2−, N(2190)7/2−,
N(2200)5/2−, ∆(2150)1/2−, ∆(2200)7/2−, and ∆(2390)7/2+
have been introduced in addition to the N and ∆ exchanges,
with the resonance electromagnetic couplings taken from a
quarkmodel estimation [27], the resonance hadronic couplings
determined by resonance partial decay amplitudes calculated
from Ref. [28], and the signs of the resonance couplings being
fitting parameters. It was claimed that the resonance contri-
butions gave only negligible effects while the contributions of
t-channelK exchange and the s-channel∆ exchange are crucial
for both γp → K∗+Σ0 and γp → K∗0Σ+ reaction processes.
As illustrated in Fig. 1, although Refs. [8, 9] provide a qual-
itative description of the CLAS high-statistics cross-section
data, it is clearly seen that there is still some room for improve-
ment. In the presentwork, we performan analysis independent
of Refs. [8, 9] of the CLAS high-statistics cross-section data
for K∗Σ photoproduction reactions. We attempt to get a better
description of the data, especially for the γp → K∗+Σ0 reac-
tion, which will allow for a more reliable understanding of the
reactionmechanisms and the associated resonance parameters.
We employ the effective Lagrangian approach. If we only con-
sider the t-channel K , κ, K∗ exchanges, the u-channelΛ, Σ, Σ∗
exchanges, the s-channel N , ∆ exchanges, and the generalized
contact current as illustrated in Fig. 2 in constructing the reac-
tion amplitudes, the fitting quality of the CLAS high-statistics
differential cross-section data [5] will be worse than that il-
lustrated by the dashed lines of Fig. 1, which in our opinion
cannot be treated as an acceptable description of the data. We
then introduce the s-channel resonances as few as possible in
order to achieve a satisfactory description of the data. We
consider one by one the four-star and three-star near-threshold
resonances with their masses, widths, and helicity amplitudes
taken to be the averaged values advocated in the most recent
version of RPP [12]. After many trials we found that, the
data can be well described by including the ∆(1905)5/2+ res-
onance, a four-star resonance rated by RPP [12]. It is also
found that introducing a three-star or four-star resonance other
than ∆(1905)5/2+ will result in a much larger χ2 and obvious
discrepancies in comparison with the data. Since so far we
only have the cross-section data, we in the present work do
not pursue an analysis with one one-star or two-star resonance
whose masses, widths, and helicity amplitudes are unknown
in RPP [12] or an analysis with one more resonance besides
the ∆(1905)5/2+ in constructing the reaction amplitudes, as
doing so will result in much more adjustable parameters that
cannot be well constrained by the cross-section data alone. We
postpone such attempts until the data for spin observables be-
come also available. With this in mind, we conclude that the
CLAS high-statistics differential and total cross-section data
for γp → K∗+Σ0 and γp → K∗0Σ+ can be well described by
including the ∆(1905)5/2+ resonance, and the corresponding
results serve as an analysis independent of Refs. [8, 9] for the
CLAS data with less adjustable parameters and better fitting
TABLE I. Model parameters. See Sec. II for their definitions.
g
(2)
Σ∗+Σ+γ/g
(1)
Σ∗+Σ+γ 3.10 ± 0.33
g
(1)
Σ∗0Σ0γ
0.74 ± 0.25
g
(2)
Σ∗0Σ0γ
10.50 ± 2.62
g
(1)
∆ΣK∗ −8.84 ± 0.06
g
(1)
RΣK∗ 3.70 ± 0.03
g
(2)
RΣK∗ −9.59 ± 0.32
g
(3)
RΣK∗ 29.29 ± 0.33
Λs [MeV] 1358 ± 2
ΛΣ∗ [MeV] 843 ± 3
ΛΛ [MeV] 797 ± 8
ΛΣ [MeV] 700 ± 78
ΛK,κ [MeV] 1197 ± 56
ΛK∗ [MeV] 1233 ± 26
quality.
In our analysis, we use the averaged values in RPP for the
mass MR , width ΓR, and helicity amplitudes A1/2, A3/2 for the
resonance ∆(1905)5/2+:
MR ≈ 1880 MeV, A1/2 ≈ 0.022 GeV−1/2,
ΓR ≈ 330 MeV, A3/2 ≈ −0.045 GeV−1/2.
The resonance hadronic couplings, g
(i)
RΣK∗ (i = 1, 2, 3), are
treated as fitting parameters. The other fitting parameters
employed in the present work have already been introduced
in Sec. II. The fitted values of all these adjustable parameters
are listed in Table I. There, the uncertainties in the resulting
parameters are estimates arising from the uncertainties (error
bars) associated with the fitted experimental differential cross-
section data points.
The results for differential cross sections of γp → K∗+Σ0
and γp → K∗0Σ+ corresponding to the model parameters
listed in Table I are shown in Fig. 3 and Fig. 4, respectively.
There, the black solid lines represent the full results. The blue
dashed and green dash-double-dotted lines represent the indi-
vidual contributions from the ∆(1905)5/2+ and ∆ exchanges,
respectively. The cyan dash-dotted lines represent the indi-
vidual contributions from K∗ exchange for γp → K∗+Σ0 and
Σ
∗ exchange for γp → K∗0Σ+. The magenta dotted lines in
Fig. 4 denote the individual contributions from the t-channel
K exchange. The contributions from other terms are too small
to be clearly seen with the scale used, and thus they are not
plotted. The numbers in parentheses denote the centroid value
of the photon laboratory incident energy (left number) and the
corresponding total center-of-mass energy of the system (right
number), in MeV. The statistical data binning for photon inci-
dent energy is 100 MeV, whose effects for γp → K∗+Σ0 at the
center-of-mass energy W = 2086 MeV, which is about 2 MeV
higher than the K∗+Σ0 threshold, have been approximated by
an integral of the differential cross sections over the 100 MeV
energy bin. At other energies, the binning effects have been
tested to be tiny. One sees from Figs. 3–4 that our overall de-
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FIG. 3. Differential cross sections for γp → K∗+Σ0 as a function of cos θ (black solid lines). The scattered symbols denote the CLAS data in
Ref. [5]. The blue dashed, green dash-double-dotted, and cyan dash-dotted lines represent the individual contributions from the ∆(1905)5/2+ ,
∆, and K∗ exchanges, respectively. The numbers in parentheses denote the centroid value of the photon laboratory incident energy (left number)
and the corresponding total center-of-mass energy of the system (right number), in MeV.
scription of the CLAS high-statistics angular distribution data
is fairly satisfactory in the whole energy region considered,
much better than the description from Refs. [8, 9] (c.f. Fig. 1).
For γp → K∗+Σ0, Fig. 3 shows that the ∆(1905)5/2+ ex-
change (blue dashed lines) provides dominate contributions
to the cross sections at low energies. The contributions from
the ∆ exchange (green dash-double-dotted lines) are consid-
erable in the region near the K∗+Σ0 threshold. At high en-
ergies, the differential cross sections are forward-peaked and
dominated by the t-channel K∗ exchange (cyan dash-dotted
lines). Note that our results are quite different from those from
Refs. [8, 9], where it was found that the angular distributions
for γp → K∗+Σ0 are nearly described by the ∆ exchange alone
in the whole energy region, while the contributions form all
other resonances are negligible, and the contributions from K∗
exchange are also rather small. The differences can be roughly
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FIG. 4. Differential cross sections for γp → K∗0Σ+ as a function of cos θ. Notations are the same as in Fig. 3 except that now the cyan
dash-dotted lines represent the contributions from the u-channel Σ∗ exchange, and the magenta dotted lines denote the contributions from the
t-channel K exchange. The scattered symbols denote the CLAS data in Ref. [2].
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FIG. 5. Total cross sections with dominant individual contributions for γp → K∗+Σ0 and γp → K∗0Σ+. The left graph is for K∗+Σ0 channel
and the right one corresponds to K∗0Σ+ channel. The solid lines represent the full results. The blue dashed, green dash-double-dotted, and
magenta dotted lines represent the individual contributions from the ∆(1905)5/2+ , ∆ and K exchanges, respectively. The cyan dash-dotted line
represents the K∗ exchange in the left graph and the Σ∗ exchange in the right one. The scattered symbols are data from CLAS Collaboration
[5].
understood from the following analysis. In our present work,
the cutoff forK∗ exchange is a fit parameter, and the fitted value
is ΛK∗ ≈ 1.2 GeV as listed in Table I, while in Refs. [8, 9],
ΛK∗ is chosen to be 0.8 GeV, much smaller than our fitted
value. This explains why Refs. [8, 9] have smaller contribu-
tions from K∗ exchange than ours. Note that even our results
are in good agreement with the data, the contributions from
K∗ exchange needs to be further constrained by the data at
very forward angles at high energies, which are sparse at the
moment. For ∆ exchange, both the coupling constant and the
cutoff fromour work are smaller than those used in Refs. [8, 9],
leading to smaller ∆ contributions in our work. For reso-
nances, Refs. [8, 9] include the N(2080)3/2−, N(2090)1/2−,
N(2190)7/2−, N(2200)5/2−,∆(2150)1/2−, ∆(2200)7/2−, and
∆(2390)7/2+ with the electromagnetic couplings taken from a
quarkmodel estimation [27], the hadronic couplings calculated
from Ref. [28], and the signs of the resonance couplings being
fitting parameters. In ourwork, we consider only∆(1905)5/2+
9with its mass, width, helicity amplitudes taken from the most
recent edition of RPP [12] and its hadronic couplings being
fitting parameters. One sees that the data are described quite
well in our present work.
For γp → K∗0Σ+, Fig. 4 shows that the angular depen-
dences are dominated by the t-channel K exchange (magenta
dotted lines) at forward angles and the u-channel Σ∗ exchange
(cyan dash-dotted lines) at backward angles. The s-channel
∆(1905)5/2+ exchange (blue dashed lines) makes consider-
able contributions at low energies, and the s-channel ∆ ex-
change (green dash-double-dotted lines) gives small but non-
negligible contributions near-threshold. These observations
are also different from Refs. [8, 9], where it was claimed
that the s-channel ∆ exchange provides dominant contribu-
tions while the contributions from all other resonances are
negligible. The main reason for the differences is the same
as mentioned above for γp → K∗+Σ0 reaction. Note that for
γp → K∗0Σ+ reaction, the results from both our work and
Refs. [8, 9] are in qualitative agreement with the data, which
have larger error bars than those for γp → K∗+Σ0.
In Ref. [7], based on an investigation of the very preliminary
data for γp → K∗+Λ and γp → K∗0Σ+, it is claimed that the
t-channel κ exchange provides significant contributions to the
reaction γp → K∗0Σ+. In our present work, the contribution
from the t-channel κ exchange is found to be negligible. The
same observation has also been found in Refs. [8, 9].
Figure 5 shows our predicted total cross sections (black
solid lines) together with individual contributions from the
∆(1905)5/2+ exchange (blue dashed lines), the ∆ exchange
(green dash-double-dotted lines), and the K exchange (ma-
genta dotted lines) for γp → K∗+Σ0 (left graph) and γp →
K∗0Σ+ (right graph). The cyan dash-dotted lines represent the
K∗ exchange in the left graph and the Σ∗ exchange in the right
one. The contributions from other terms are not plotted since
they are too small to be clearly seen with the scale used. Note
that the total cross-section data are not included in our fit pro-
cedure. One sees that our predictions are in agreement with
the data in the full energy region considered. It is more clear
to see in Fig. 5 the importance of the resonance ∆(1905)5/2+
exchange. For γp → K∗+Σ0, it causes the broad bump ex-
hibited by the total cross sections. For γp → K∗0Σ+, the K
exchange is as important as the ∆(1905)5/2+ exchange, and
they two dominate the broad bump exhibited in the total cross
sections. Note that the K exchange has little contribution in
the other channel due to the isospin factor together with the
smaller electromagnetic coupling constant. The ∆ exchange
is seen to provide considerable contributions to both reac-
tions. At high energies, the K∗ exchange becomes important
for γp → K∗+Σ0 due to its dominant contribution at forward
angles as shown in Fig. 3, and the Σ∗ exchange becomes impor-
tant for γp → K∗+Σ0 due to its large contribution at backward
angles as shown in Fig. 4.
In Figs. 6–8, we show the predictions of the photon beam
asymmetry (Σ), target nucleon asymmetry (T ), and the recoil
Σ baryon asymmetry (P) from our present model. There, the
solid and dash-dotted lines represent the corresponding results
for γp → K∗+Σ0 and γp → K∗0Σ+, respectively. We hope that
these spin observables can be measured in experiments in the
near future, which can help to further constrain the model and
thus result in a better understanding of the reactionmechanisms
and the associated resonance contents and parameters.
IV. SUMMARY AND CONCLUSION
In the present work, we employ an effective Lagrangian
approach at the tree-level Born approximation to analyze the
available data for the two-channel photoproduction reactions,
γp → K∗+Σ0 and γp → K∗0Σ+. It is found that if we only
consider the contributions from the t-channel K , κ, K∗ ex-
changes, the s-channel N , ∆ exchanges, the u-channel Λ, Σ,
Σ
∗ exchanges, and the generalized contact current, the data
cannot be well described. We then try to include as few as
possible the nucleon resonances in constructing the reaction
amplitudes. We check one by one the four-star and three-star
near-threshold resonances with their masses, widths, and he-
licity amplitudes taken to be the averaged values advocated
in the most recent RPP [12], and find that the inclusion of
the four-star resonance ∆(1905)5/2+ results in a satisfactory
description of the differential and total cross-section data re-
ported by the CLASCollaboration,while the inclusion of other
four-star or three-star resonance leads to a much bigger χ2 and
obvious discrepancies in comparison with the data. We do
not pursue an analysis with one one-star or two-star resonance
whose mass, width, and helicity amplitudes are unknown in
RPP [12] or an analysis with one more resonance besides
∆(1905)5/2+ in the present work, since doing so will give rise
to much more adjustable parameters, which cannot be well
determined by the available cross-section data. We postpone
such attempts until the data for spin observables become also
available.
The present work provides an analysis of the CLAS high-
precision cross-section data for γp → K∗+Σ0 and γp →
K∗0Σ+ independent of Refs. [8, 9]. It should be mentioned
that the reaction mechanisms in these two models are quite
different, although the present paper has less adjustable pa-
rameters and a better fitting quality. In Refs. [8, 9], the con-
tributions from the resonances N(2080)3/2−, N(2090)1/2−,
N(2190)7/2−, N(2200)5/2−,∆(2150)1/2−, ∆(2200)7/2−, and
∆(2390)7/2+ are considered, and they all are found to be neg-
ligible compared with the dominant s-channel∆ exchange and
t-channel K exchange. In the present work, it shows that the
s-channel ∆(1905)5/2+ resonance contributes significantly to
both γp → K∗+Σ0 and γp → K∗0Σ+ reactions. The s-channel
∆ exchange provides considerable but less important contribu-
tions near K∗Σ threshold in both reactions. At high energies,
the cross sections of the reaction γp → K∗+Σ0 are dominated
by the t-channel K∗ exchange, which causes a peak at forward
angles. The cross sections of γp → K∗0Σ+ at high energies are
dominated by the u-channel Σ∗ exchange at backward angles
and the t-channel K exchange at forward angles.
The predictions of the photon beam asymmetry (Σ), target
nucleon asymmetry (T ), and the recoil Σ baryon asymmetry
(P) from the present model are also presented for both γp →
K∗+Σ0 and γp → K∗0Σ+ reactions. The shape of all of them
are quite different from those predicted in Refs. [8, 9]. High-
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FIG. 6. Photon beam asymmetries as a function of cos θ. The black solid lines represent the results for γp → K∗+Σ0 while the blue dashed
lines correspond to the results for γp → K∗0Σ+. The numbers in parentheses denote the photon laboratory incident energy (left number) and
the total center-of-mass energy of the system (right number), in MeV.
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FIG. 7. Same as in Fig. 6 for target nucleon asymmetries.
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FIG. 8. Same as in Fig. 6 for recoil Σ baryon asymmetries.
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statistic data on those spin observables are expected to further
constrain the model and help one get a better understanding of
the reaction mechanisms.
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